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DELAYED TAP SIGNAL GENERATING CIRCUIT FOR CONTROLLING DELAY BY 

INTERPOLATING TWO INPUT CLOCKS 

CROSS REFRENCES TO RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. §119 from Korean Patent 
Application No. 2002-68155 filed on November 5, 2002, the contents of which are 
hereby incorporated by reference in their entirety for all purposes as if fully set forth 
herein. 

BACKGROUND AND SUMMARY 

[0002] Technical Field. 

[0003] The present invention relates to signal generators, and more particularly, to a 
signal generating circuit for generating a plurality of delayed tap signals. 
[0004] Description. 

[0005] In an output driver of a memory device divided into a plurality of segments, 
the slew rate of an output signal output to the output driver is adjusted by turning on 
or turning off each segment at a predetermined interval. 

[0006] When the operating frequency of a memory device is low, the adjustment of 
the slew rate of an output signal is not so important. However, as the operating 
frequency of a memory device becomes higher, an apparatus for adjusting the slew 
rate of an output signal is required. 

[0007] To adjust the slew rate of an output signal, which is output to an output driver 
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divided into predetermined segments, a plurality of signals having respective 
constant delays are needed. Such signals are normally called "delayed tap signals." 
The delayed tap signals having the respective constant delays are synthesized so as 
to adjust the slew rate of the output signal output from an output driver. 
[0008] For example, when four tap signals are used to adjust the slew rate, if delay 
differences between the tap signals are small, the four tap signals are synthesized to 
obtain an output signal having a high slew rate. Inversely, if delay differences 
between the tap signals are large, the four signals are synthesized to obtain an 
output signal having a low slew rate. 

[0009] Delayed tap signals may be produced by various methods. For instance, a 
plurality of inverters having identical delays can be used. That is, outputs of the 
respective inverters are used as the delayed tap signals. An interval between the 
tap signals is determined by the delay of an inverter. Also, a plurality of inverters 
and a plurality of variable delay cells may be utilized to control an interval between 
output delayed tap signals. 

[00010] FIG. 1 is a circuit diagram of a conventional delayed tap signal generating 
circuit using a plurality of inverters. A tap signal generating circuit 100 of FIG. 1 
includes a plurality of inverters 101, 102, 103, 104, 105, 106, 107, and 108, which 
are connected in series. 

[00011] The tap signal generating circuit 100 delays an input clock signal CLKJN by 
the delays of a series of inverters and produces tap signals TAP1 , TAP2, TAP3, and 
TAP4 at each output of a pair of series-connected inverters. That is, the delay 
difference between two of the tap signals depends on the delay of an inverter. 
[00012] For example, when the delay of each of the inverters 101, 1 02, . . . , and 1 08 
as illustrated in FIG. 1 is 50ps, each delay difference between the tap signals TAP1 , 
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TAP2, TAP3, and TAP4 is 100ps. That is, the delay difference between the tap 
signals TAP1 and TAP2 is 100ps, the delay difference between the tap signals 
TAP2 and TAP3 is 100ps, and the delay difference between the tap signals TAP3 
and TAP4 is 100ps. 

[00013] However, in the tap signal generating circuit 100 of FIG. 1 , the delay 
difference between the delayed tap signals is determined by the delay of an inverter. 
For this reason, a system requiring fine delayed tap signals, in which the required 
delay difference between tap signals is less than the delay of one inverter, cannot 
use the tap signal generating circuit 100 of FIG. 1 . 

[00014] Namely, when the delay difference (interval) between delayed tap signals is 

required to be 20ps and the delay of one inverter is 50ps, the tap signal generating 

circuit of FIG. 1 cannot generate the required delayed tap signals. 

[00015] The present invention provides a circuit and method of generating delayed 

tap signals which can meet the required fine delay difference between delayed tap 

signals. 

[00016] In accordance with an aspect of the present invention, there is provided a 
delayed tap signal generating circuit, comprising a first tap signal generating circuit 
for receiving a first clock signal and a second clock signal, which have the same 
frequency and a predetermined phase difference, and generating a first tap signal in 
response to the first and second clock signals and a predetermined offset 
information, wherein the first tap signal is delayed by a first delay corresponding to 
the offset information based on the first clock signal; and a second tap signal 
generating circuit for receiving the first and second clock signals, and generating a 
second tap signal in response to the first and second clock signals and the offset 
information, wherein the second tap signal is delayed by the first delay and a second 
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delay added by the first delay based on the first clock signal. The first and second 
tap signals are generated by interpolating the first and second clock signals in 
response to the offset information. 

[00017] Preferably, the first tap generating circuit includes a first N-bit adder for 
receiving the offset information, converting the offset information into an N-bit digital 
signal, adding a predetermined default signal to the N-bit digital signal, and 
outputting the result; a first digital/analog converting circuit for receiving the output 
signal of the first N-bit adder, converting the output signal of the first N-bit adder into 
an analog signal and outputting the analog signal; and a first interpolating circuit for 
receiving the first and second clock signals, interpolating the first and second clock 
signals in response to the output signal of the digital/analog converting circuit, and 
outputting the first tap signal. 

[00018] Preferably, the second tap generating circuit includes a second N-bit adder 
for receiving the offset information, converting the offset information into the N-bit 
digital signal, adding the output signal of the first N-bit adder to the N-bit digital 
signal; a second digital/analog converting circuit for receiving the output signal of the 
second N-bit adder, converting the output signal of the second N-bit adder into an 
analog signal, and outputting the analog signal; and a second interpolating circuit for 
receiving the first and second clock signals, interpolating the first and second clock 
signals in response to the output signal of the digital/analog converting circuit, and 
outputting the second tap signal. 

[00019] In accordance with another aspect of the present invention, there is 
provided a delayed tap signal generating circuit, comprising a second tap signal 
generating circuit for generating a second tap signal in response to a first clock 
signal, a second clock signal, and a predetermined offset information, wherein the 
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second tap signal is delayed by a first delay corresponding to the offset information 
based on a first tap signal; and a third tap signal generating circuit for receiving the 
first and second clock signals and generating a third tap signal in response to the 
first and second clock signals and the offset information, wherein the third tap signal 
is delayed by the first delay and a second delay added by the first delay based on 
the first tap signal; and a fourth tap generating circuit for receiving the first and 
second clock signals and generating a fourth tap signal in response to the first and 
second clock signals and the offset information, wherein the fourth tap signal is 
delayed by the second delay and a third delay added by the first delay based on the 
third tap signal. The first tap signal is the first clock signal, and the second, third, 
and fourth tap signals are generated by interpolating the first and second clock 
signals in response to the offset information. 

[00020] Preferably, the second tap signal generating circuit includes a first N-bit 
adder for receiving the offset information, converting the offset information into an N- 
bit digital signal, adding a predetermined default signal to the N-bit digital signal, and 
outputting the result; a first digital/analog converting circuit for receiving the output 
signal of the first N-bit adder, converting the output signal of the first N-bit adder into 
an analog signal, and outputting the analog signal; and a first interpolating circuit for 
receiving the first and second clock signals, interpolating the first and second clock 
signals in response to the output signal of the digital/analog converting circuit, and 
outputting the first tap signal. 

[00021] In accordance with yet another aspect of the present invention, there is 
provided a method of generating delayed tap signals, comprising (a) receiving a first 
clock signal and a second clock signal, which have the same frequency and a 
predetermined phase difference, and generating a first tap signal in response to the 
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first and second clock signals and a predetermined offset information, wherein the 
first tap signal is delayed by a first delay corresponding to the offset information 
based on the first clock signal; (b) receiving the first and second clock signals and 
generating a second tap signal in response to the first and second clock signals and 
the offset information, wherein the second tap signal is delayed by the first delay and 
a second delay added by the first delay based on the first clock signal. Here, the 
first and second tap signals are generated by interpolating the first and second clock 
signals in response to the offset information. 

[00022] In accordance with further another aspect of the present invention, there is 
provided a method of generating delayed tap signals, comprising (a) generating a 
second tap signal in response to the first and second clock signals and a 
predetermined offset information, wherein the second tap signal is delayed by a first 
delay corresponding to the offset information based on a first tap signal; (b) 
generating a third tap signal in response to the first and second clock signals and the 
offset information, wherein the third tap signal is delayed by the first delay and a 
second delay added by the first delay based on the first tap signal; and (c) 
generating a fourth tap signal in response to the first and second clock signals and 
the offset information, wherein the fourth tap signal is delayed by the second delay 
and a third delay added by the first delay based on the third tap signal. Here, the 
first tap signal is the first clock signal, and the second, third, and fourth signals are 
generated by interpolating the first and second clock signals in response to the 
offset information. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[00023] The above and other features and advantages of the present invention will 
become more apparent by describing in detail exemplary embodiments thereof with 
reference to the attached drawings in which: 

[00024] FIG. 1 is a circuit diagram of a conventional delayed tap signal generating 
circuit using a plurality of inverters; 

[00025] FIG. 2 is a circuit diagram of a delayed tap signal generating circuit 
according to a first preferred embodiment; 

[00026] FIG. 3 is a circuit diagram of a delayed tap signal generating circuit 
according to a second preferred embodiment; 

[00027] FIG. 4 is a circuit diagram of an example of an interpolating circuit for 
interpolating input two signals; 

[00028] FIG. 5 is a graph showing input and output signals of the interpolating circuit 
of FIG. 4; 

[00029] FIGS. 6(a) through 6(c) are graphs showing the output of delayed tap 
signals having different delays according to offset information; and 
[00030] FIG. 6(d) is a diagram of an output signal of an output driver according to 
the results of FIGS. 6(a) through 6(c). 



DETAILED DESCRIPTION 



[00031] The present invention will now be described more fully with reference to the 
accompanying drawings, in which preferred embodiments of the invention are 
shown. The same reference numerals in different drawings represent the same 
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element. 

[00032] FIG. 2 is a circuit diagram of a delayed tap signal generating circuit 
according to a first preferred embodiment. A tap signal generating circuit 200 of 
FIG. 2 generates four tap signals TAP1, TAP2, TAP3, and TAP4 and includes a first 
tap signal generating circuit 210, a second tap signal generating circuit 220, a third 
tap signal generating circuit 230, and a fourth tap signal generating circuit 240. 
[00033] The first tap signal generating circuit 210 includes a first N-bit adder 21 1 , a 
first digital/analog converting circuit 212, and a first interpolating circuit 213. The first 
N-bit adder 21 1 receives offset information, converts the offset information OFFSET 
into a first N-bit digital signal, adds a predetermined default signal DEF to the N-bit 
digital signal, and outputs the result as a first N-bit adder output signal. The first 
digital/analog converting circuit 212 converts the first N-bit adder output signal of the 
first N-bit adder 21 1 into a first analog signal and outputs the first analog signal. The 
first interpolating circuit 213 receives a first clock signal CLK1 and a second clock 
signal CLK2, interpolates the first and second clock signals CLK1 and CLK2 in 
response to the first analog signal of the first digital/analog converting circuit 212, 
and generates a first tap signal TAP1 . 

[00034] The second tap signal generating circuit 220 includes a second N-bit adder 
221, a second digital/analog converting circuit 222, and a second interpolating circuit 
223. The second N-bit adder 221 receives the offset information OFFSET, converts 
the offset information OFFSET into a second N-bit digital signal, adds the first N-bit 
adder output signal of the first N-bit adder 221 to the second N-bit digital signal, and 
outputs the result as a second N-bit adder output signal. The second digital/analog 
converting circuit 222 converts the second N-bit adder output signal of the second N- 
bit adder 221 into a second analog signal and outputs the second analog signal. 
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The second interpolating circuit 223 receives a first clock signal CLK1 and a second 
clock signal CLK2, interpolates the first and second clock signals CLK1 and CLK2 in 
response to the second analog signal of the second digital/analog converting circuit 
222, and generates a second tap signal TAP2. 

[00035] The third tap signal generating circuit 230 includes a third N-bit adder 231 , a 
third digital/analog converting circuit 232, and a third interpolating circuit 233. The 
third N-bit adder 231 receives the offset information OFFSET, converts the offset 
information OFFSET into a third N-bit digital signal, adds the second N-bit adder 
output signal of the second N-bit adder 221 to the third N-bit digital signal, and 
outputs the result as a third N-bit adder output signal. The third digital/analog 
converting circuit 232 converts the output signal of the third N-bit adder 231 into a 
third analog signal, and outputs the third analog signal. The third interpolating circuit 
233 receives a first clock signal CLK1 and a second clock signal CLK2, interpolates 
the first and second clock signals CLK1 and CLK2 in response to the third analog 
signal of the third digital/analog converting circuit 232, and generates a third tap 
signal TAP3. 

[00036] The fourth tap signal generating, circuit 240 includes a fourth N-bit adder 
241, a fourth digital/analog converting circuit 242, and a fourth interpolating circuit 
243. The fourth N-bit adder 241 receives the offset information OFFSET, converts 
the offset information OFFSET into a fourth N-bit digital signal, adds the third N-bit 
adder output signal of the third N-bit adder 231 to the fourth N-bit digital signal, and 
outputs the result as a fourth N-bit adder output signal. The fourth digital/analog 
converting circuit 242 converts the fourth N-bit adder output signal of the fourth N-bit 
adder 241 into a fourth analog signal, and outputs the fourth analog signal. The 
fourth interpolating circuit 243 receives a first clock signal CLK1 and a second clock 
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signal CLK2, interpolates the first and second clock signals CLK1 and CLK2 in 
response to the output signal of the fourth digital/analog converting circuit 242, and 
generates a fourth tap signal TAP4. 

[00037] An output driver 20 illustrated in FIG. 2 receives data DATA and outputs the 
data DATA to externally as DOUT in synchronization with a predetermined clock 
signal (not shown). The slew rate of the predetermined clock signal (not shown) is 
adjusted by the plurality of tap signals TAP1 , TAP2, TAP3, and TAP4, which are 
output signals of the delayed tap signal generating circuit 200. The first and second 
clock signals CLK1 and CLK2 have the same frequency as each other and a 
predetermined phase difference between them. 

[00038] Referring to FIG. 2, operations of the delayed tap signal generating circuit 
200 will be described hereinafter. In the description to follow, the first, second, third, 
and fourth N-bit adders 21 1 , 221 , 231 , and 241 of FIG. 2, N is taken to be equal to 
6, but of course could be any convenient value. Each of the tap signal generating 
circuits 210, 220, 230, and 240 receives predetermined offset information OFFSET. 
The offset information OFFSET corresponds to a delay difference between output 
tap signals and is input by the user. 

[00039] The first N-bit adder 21 1 converts the offset information OFFSET into a 6-bit 
digital signal and adds a predetermined default signal DEF to the 6-bit digital signal. 
The second N-bit adder 221 adds the output signal of the first N-bit adder 21 1 to the 
converted 6-bit digital signal, and the third N-bit adder 231 adds the output signal of 
the second N-bit adder 221 to the converted 6-bit digital signal. The fourth N-bit 
adder 241 adds the output signal of the third N-bit adder 231 to the converted 6-bit 
digital signal. 

[00040] Each of the first, second, third, and fourth digital/analog converting circuits 
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212, 222, 232, and 242 converts the respective output signals of the first, second, 
third, and fourth N-bit adders 21 1 , 221 , 231 , and 241 into analog signals. Each of 
the first, second, third, and fourth interpolating circuits 213, 223, 233, and 243 
interpolates the first and second clock signals CLK1 and CLK2 in response to the 
respective analog output signals of the first, second, third, and fourth digital/analog 
converting circuits 212, 222, 232, and 242 and outputs the respective tap signals 
TAP1 , TAP2, TAP3, and TAP4. 

[00041] The offset information OFFSET corresponds to a delay difference between 
output tap signals. If a 6-bit adder (N=6) is used, the N-bit adder divides a phase 
difference between the first and second clock signals CLK1 and CLK2 into 2 6 =64 
phases, thereby controlling the delay difference between the output tap signals. 
[00042] For example, suppose that a delay difference between the first and second 
clock signals CLK1 and CLK2 is 200ps, the default signal DEF is 0, and the offset 
information is 1 . Thus, a delay corresponding to the offset information OFFSET 
becomes 200/64=3. 125ps or a delay difference between output tap signals. If the 
offset information OFFSET is 2, a delay corresponding to the offset information 
would be 6.25ps, etc., etc. 

[00043] In other words, a delay difference between output tap signals can be 
adjusted by the input offset information OFFSET. Thus, tap signals having a fine 
delay difference can be obtained by adjusting the offset information OFFSET. 
[00044] FIG. 3 is a circuit diagram of a delayed tap signal generating circuit 
according to a second preferred embodiment. The tap signal generating circuit 300 
of FIG. 3 outputs four tap signals TAP1 , TAP2, TAP3, and TAP4, similarly to FIG. 2. 
The tap signal generating circuit 300 includes a second tap signal generating circuit 
310, a third tap signal generating circuit 320, and a fourth tap signal generating 
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circuit 330. 

[00045] The second tap signal generating circuit 320 includes a first N-bit adder 31 1 , 
a first digital/analog converting circuit 312, and a first interpolating circuit 313. The 
third tap signal generating circuit 320 includes a second N-bit adder 321 , a second 
digital/analog converting circuit 322, and a second interpolating circuit 323. The 
fourth tap signal generating circuit 330 includes a third N-bit adder 331 , a third 
digital/analog converting circuit 332, and a third interpolating circuit 333. 
[00046] Each of the N-bit adders 31 1 , 321 , and 331 , each of the digital/analog 
converting circuits 312, 322, and 332, and each of the interpolating circuits 313, 323, 
and 333 have the same connection with each other as the corresponding 
components of the tap signal generating circuit 200 of FIG. 2. In the tap signal 
generating circuit 300 of FIG. 3, the first tap signal TAP1 is the first clock signal 
CLK1. 

[00047] That is, the first tap signal TAP1 is the first clock signal CLK1 , the second 
tap signal TAP2 is obtained by adding a delay (hereinafter referred to as D1) 
corresponding to the predetermined offset information OFFSET to the first tap signal 
TAP1, the third tap signal TAP3 is obtained by adding D1 to the second tap signal 
TAP2, and the fourth tap signal TAP4 is obtained by adding D1 to the third tap signal 
TAP3. 

[00048] Accordingly, like the tap signal generating circuit 200 of FIG. 2, the tap 
signal generating circuit 300 of FIG. 3 can adjust the delay difference between 
output tap signals by using the input offset information OFFSET. 
[00049] FIG. 4 is a circuit diagram of an example of an interpolating circuit for 
interpolating two input signals, and FIG. 5 is a graph showing input and output 
signals of the interpolating circuit of FIG. 4. The interpolating circuit of FIG. 4 
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includes a plurality of MOS transistors MN1 , MN2, MN3, and MN4 as well as current 
sources Iki and Ik2, and is formed into a differential arrangement. 
[00050] A resistor R B is connected between a power supply voltage V D d and a first 
output terminal OUT, a resistor R A is connected between the power supply voltage 
VDD and a second output terminal OUTB. The MOS transistor MN2 is connected 
between a first node N1 and the first output terminal OUT, and the MOS transistor 
MN1 is connected between the first node N1 and the second output terminal OUTB. 
The current source l K i is connected between the first node N1 and a ground voltage. 
A first signal K1 is input to a gate of the MOS transistor MN1 , and the inverted first 
signal K1 B is input to a gate of the MOS transistor MN2. 

[00051] The MOS transistor MN4 is connected between the first output terminal 
OUT and a second node N2, and the MOS transistor MN3 is connected between the 
second output terminal OUTB and the second node N2. A second signal K2 is input 
to a gate of the MOS transistor MN4, and the inverted second signal K2B is input to 
a gate of the MOS transistor MN3. 

[00052] The interpolating circuit receives the first and second signals K1 and K2 and 
outputs an intermediate value between the first and second signals K1 and K2. 
Namely, as illustrated in FIG. 5, the interpolating circuit outputs an output signal 
VOUT, which is the intermediate value in time between the input two signals K1 and 
K2. Here, where the output signal VOUT is positioned in time between the two 
signals K1 and K2, and is controlled by currents of the current sources l K i and l K 2. 
[00053] FIGS. 6(a) through 6(c) are graphs showing the output of delayed tap 
signals having different delays according to offset information, and FIG. 6(d) is a 
diagram of an output signal of an output driver with the output tap signals of FIGS. 
6(a) through 6(c). For each graph, the x-axis represents time, and the y-axis 
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represents voltage (or current). 

[00054] FIGS. 6(a) through 6(c) illustrate waveforms of output tap signals. A delay 
difference between output tap signals is the smallest in FIG. 6(a). Conversely, FIG. 
6(c) illustrates the largest delay difference between the output tap signals. 
[00055] As illustrated in FIGS. 2 and 3, the tap signal generating circuit outputs tap 
signals having respective delay differences according to the offset information. FIG. 
6(a) shows the results produced by the smallest value of the offset information, FIG. 
6(b) shows the results of an intermediate value of the offset information, and FIG. 
6(c) shows the results of the largest value of the offset information. 
[00056] FIG. 6(d) shows the relationship between output tap signals of FIGS. 6(a) 
through 6(c) and output signals of the output driver. As illustrated in FIG. 6(d), when 
a delay difference between tap signals is small as shown in FIG. 6(a), the output 
signal has a high slew rate. However, when a delay difference between tap signals 
is large as shown in FIG. 6(c), the output signal has a low slew rate. 
[00057] While the present invention has been particularly shown and described with 
reference to exemplary embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the present invention as defined by the 
following claims. 

[00058] For example, although the tap signal generating circuit for generating four 
tap signals is illustrated in FIGS. 2 and 3, it is merely an example for explaining the 
concepts of the present invention, and of course the present invention should not be 
limited thereto. A tap signal generating circuit for generating more than four, or less 
than four, tap signals does not depart from the scope of the present invention. Also, 
it would be apparent that the interpolating circuit should be not limited to the 
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embodiment of FIG. 4 and may be embodied in many different forms. 

[00059] Accordingly, the scope of the present invention should be defined by the 

following claims. 

[00060] As set forth above, according to the circuit and method for generating 
delayed tap signals of the present invention, a delay difference between output tap 
signals can be adjusted by input offset information. Thus, tap signals having a fine 
delay difference can be obtained by adjusting the offset information. 
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